S
ince the endothelium acts as a selective permeability barrier to plasma components, 1 it is important to maintain endothelial integrity to limit the entry of macromolecules into the arterial wall. Several lines of evidence suggest that the mechanism of atherosclerosis involves damage to the endothelium, resulting in its reduced effectiveness as a barrier. 23 Zilversmit has hypothesized 4 that the liberation of fatty acid anions during hydrolysis of lipoprotein triglycerides in proximity to the arterial surface may cause local endothelial injury. This may facilitate the penetration into the arterial wall of remnants derived from the triglyceride-rich lipoproteins, leading to lipid accumulation within the intima. In addition to endothelial injury produced by exposure to high concentrations of fatty acid anions, enrichment of endothelial lipids with selective fatty acids has been shown 5 to alter cell morphology in cultured monolayers.
A method is now available to test experimentally whether exposure to elevated concentrations of fatty acid alters the transfer of macromolecules across the endothelium. Endothelial monolayers are grown on micropore filters that separate an incubation flask into two compartments. A determination of albumin transfer through the monolayer provides an experimental measure of the movement of a high molecular weight substance across the endotheiium. Using such a system, Shasby et al. 6 have demonstrated a reversible increase in endothelial transfer of albumin when the cells are exposed to cytochalasin B or D.
In the present work, cultured porcine pulmonary artery endothelial cells were exposed to relatively high concentrations of fatty acids in an attempt to determine what might occur at the arterial surface during the lipolysis of triglyceride-rich lipoproteins. Albumin transfer across endothelial monolayers treated in this way was examined to ascertain whether such exposure could enhance the movement of a macromolecule into the arterial wall.
Methods

Cell Culture
We obtained M-199-Earle's Base, BME amino acids, BME vitamins, penicillin-streptomycin solution (10,000 units penicillin/ml, 10,000 /xg streptomycin/ ml) and trypsin from KC Biologicals, Incorporated. (Lenexa, Kansas.) We used fetal bovine serum (Sterile System, Logan, Utah) containing 0.83 mmol/ liter cholesterol, 0.41 mmol/liter triglyceride, and 0.06 mmol/liter free fatty acids. The composition of the major fatty acids in the serum was 16% palmitic (16:0), 5% palmitoleic (16:1), 14% stearic (18:0), 28%oleic (18:1), 7% linoleic (18:2), and 13% arachidonic acid (20:4) .
Endothelial cells were obtained from porcine pulmonary arteries. 7 After these arteries were resected under sterile conditions and rinsed with M-199, the lumen was exposed to 0.1% collagenase (Worthington Biochemical Company, Freehold, New Jersey) for 5 to 10 minutes. The lumen was then gently swabbed with a sterile, cotton-tipped applicator, and the adherent endothelial cells were released into M-199 containing 10% fetal bovine serum. The cells were cultured and subcultured in M-199 containing 10% fetal bovine serum, using standard techniques and flasks obtained from Corning Glass Works (Corning, New York). The cultures were determined to be pure by morphological criteria and by demonstrating angiotensin-converting enzyme activity. Cells from passages 5-12 were plated on treated filters at a density of 3 X 1 0 5 cells/filter, and the filters were maintained in the standard culture medium. Polycarbonate filters (Nucleopore Corporation, Pleasanton, California) 13 mm in diameter and 0.8 ^.m pore size, were gelatin-impregnated by the method of Postlethwaite et al. 8 as modified by Shasby et al. 7 These filters were coated with fibronectin (Collaborative Research, Incorporated, Waltham, Massachusetts) before cell plating. All studies were started 2 days after the cells were plated on the filter. For lipid analytical studies, the cells were grown in Costar tissue culture plates (Cambridge, Massachusetts). Trypan blue (Gibco Laboratories, Grand Island, New York) exclusion was used to indicate cell viability.
Albumin Transfer Studies
Treated filters were glued to polystyrene chemotactic chambers (ADAPS, Incorporated, Dedham, Massachusetts) and after ethylene oxide sterilization, the endothelial cells were plated on the filters. The filters and chemotactic chambers were then placed into the wells of a standard 24-well tissue culture plate (Costar Incorporated, Cambridge, Massachusetts) and incubated for 48 hours in M-199 enriched with 10% fetal bovine serum at 37°C in an atmosphere of 95% air and 5% CO 2 . After 48 hours, the chemotactic chambers with attached filters and endothelial monolayers were removed from the 24-well plate and were washed free of serum by gentle immersion in M-199; they were then placed into new 24-well tissue culture plates with control or fatty acidsupplemented media. The media were composed of M-199 enriched with vitamins, amino acids, 15 mM HEPES, 5% fetal bovine serum, 100 /ULM bovine albumin (Fraction V, fatty acid-free, Miles Laboratories, Elkhart, Indiana or crystalline bovine albumin, fatty acid-free, Sigma Chemical Company, St. Louis, Missouri) and various concentrations of oleic acid (NuChek Prep, Elysian, Minnesota, 98% pure by gas-liquid chromatography). The cells were incubated in the experimental or control media for time periods specified in the text.
After the incubation period, the chemotactic chambers with attached monolayers were removed from the 24-well plates, washed three times by immersion in M-199 and placed into new 24-well plates for determination of albumin transfer. In the new plates, each well of a 24-well plate was filled with 1.5 ml of serum-free M-199. The chemotactic chamber with attached monolayer was placed into one of these wells, and the inner well of the chamber was filled with 0.5 ml of M-199 containing 200 /iM albumin along with vitamins, amino acids, and 15 mM HEPES. After 1 hour, the media within the chemotactic chamber and the surrounding media in the wells of the 24-well tissue culture plate were sampled, and their respective albumin concentrations were determined. This was done by following the change in absorbance at 630 nm after addition of a portion of the sample to a reagent solution of bromcresol green (Sigma Chemical Company, St. Louis, Missouri). The separate monolayers were tested for each variable; all cells used in a single experiment were from the same passage of the same line and were plated at the same time. All experimental data were analyzed using Student's t test.
For experiments testing the reversibility of the fatty acid effect, the chemotactic chambers and attached monolayers were removed from the plate used to measure albumin transfer and placed into a new 24-well plate, where the monolayer was reincubated in M-199 enriched with 10% fetal bovine serum. At the end of the reincubation, the chemotactic chambers and monolayers were washed and transferred to new plates, and the albumin transfer was again determined.
Leuclne Incorporation
Incorporation of 4,5-3 H-leucine (Amersham International Limited, Amersham, UK, 147 Ci/mmol) into total cell protein was determined by the procedure of Cooper.
9 Cells were incubated for 24 hours in experimental media, enriched with either 100 (xM albumin and 300 fi.M oleic acid, or 100 fiM albumin. All of the experimental media contained 5% fetal bovine serum. The fatty acids were dissolved in hexane. After the addition of 1 to 2 drops of 6N NaOH and drying under high purity N 2 , the residue was redissolved in a small amount of warm distilled water. The clear solu-tion was added with stirring to M-199 supplemented with fetal bovine serum plus albumin, and the pH was adjusted immediately to 7.4.
Before incubation with 3 H-leucine in Dulbecco's phosphate-buffered saline (DPBS), the cells were washed with warm DPBS containing 50 /xM fatty acid-free albumin, followed by warm DPBS. The cells were incubated with the 3 H-leucine for 2 hours, washed once with ice-cold DPBS containing 50 /AM albumin, and then twice with ice-cold DPBS. After the addition of 5% (wt/vol) trichloroacetic acid, the cells were harvested and placed in a boiling water bath for 20 minutes. The tubes were cooled and the precipitates were collected on glass fiber filters. These filters were rinsed with ice-cold 100% ethanol before being placed into counting vials. Ten mililiters of Budget-Solve (Research Products International, Incorporated, Mt. Prospect, Illinois) was added to each vial, and radioactivity was determined in a Beckman LS7000 liquid scintillation spectrometer equipped with a
137
Cs external standard to monitor quenching.
Incubation and Llpld Analyses
Confluent monolayers in Corning tissue culture flasks were washed with warm DPBS containing 50 nM albumin and then DPBS. The cells were incubated for the indicated time at 37° C with experimental media containing 9,10-3 H-oleic acid, 6-8 x 10 s dpm/flask (New England Nuclear, Boston, Massachusetts, 9.5 Ci/mmol). The experimental media also contained 5% fetal bovine serum. After incubation, the monolayers were washed with ice-cold DPBS containing 50 ^M albumin and then ice-cold DPBS. The cells were scraped into tubes, sedimented at 600 g for 10 minutes, and then resuspended in DPBS. Aliquots were taken for protein determination by a modification of the Lowry method. 10 The remaining cells were extracted with CHCI3/CH3OH, 2:1 (vol/ vol), 11 and the CHCI 3 phase was isolated by adding 9 mM NaCI containing 0.04 N HCI.
To measure the Utilization of the incorporated radioactive fatty acid, we exposed confluent monolayers for 16 hours at 37°C to media containing 150 fiM 9,10-3 H-oleic acid. The cells were then washed with DPBS containing 50 /xM albumin, followed by DPBS. Four of the cultures were extracted at this time to measure the amount and distribution of the incorporated radioactivity. The remaining cultures were incubated for various times at 37°C with media that was not supplemented with fatty acids. After incubation, the monolayers were washed and harvested to determine the amount and distribution of the radioactivity remaining in the cells.
To determine the incorporation of radioactivity into cell lipids, we dried aliquots of the CHCI 3 extract under N 2 and dissolved them in 5 ml of Budget-Solve. The distribution of radioactivity in the cellular lipid fractions was determined by thin-layer chromatography on silica gel G plates (Analabs, North Haven, Connecticut). The chromatograms were developed in heptaine/diethyl ether/acetic acid/methanol, 85: 20:2:2 (vol/vol). 12 The plates were stained with l 2 and after sublimation, bands of silica gel corresponding to the different lipid fractions were scraped into scintillation vials containing 5 ml of Budget-Solve and were assayed in the liquid scintillation spectrometer.
For fatty acid compositional analysis, the endothelial cultures were incubated and the lipids were extracted and separated by thin-layer chromatography. No radioactive isotopes were present in these experiments and these chromatograms were not exposed to any stain. The triglyceride and phospholipid bands were localized from corresponding chromatograms containing standards, and the segments of silica gel were scraped into separatory funnels. Lipids were extracted with CHCIg/CHaOH, 1:1 (vol/vol) and the phases were separated with 9 mM NaCI containing 0.04 N HCI. After chloroform extracts were dried under N 2 ,1 ml of 14% BF 3 in CH 3 OH, 1 ml of acetonitrile, and 2 ml of CH 3 OH were added to each tube. The samples were mixed and heated at 95°C for 10 minutes, and the methyl esters were extracted into n-heptane. The fatty acid methyl esters were separated by gas-liquid chromatography using a 2 mm x 1.9 m glass column packed with 10% SP2330 on 100/120 mesh Chromasorb W-AW; 12 peak areas were measured with a HewlettPackard 3380A integrator. Additional chromatograms were run with use of fatty acid methyl ester standards obtained from Nu Check Prep.
In the lipid extract obtained from other cultures, the triglyceride content was determined by a modification of the procedure of Kessler and Lederer, adapted to the Technicon Autoanalyzer II.
12 -14 Triglycerides were measured fluorometrically after hydrolysis to release glycerol. The glycerol was subsequently oxidized to formaldehyde, followed by coupling with acetylacetone to give a fluorescent product, 3,5-diacetyl-4-dihydrolutidine.
Results
Albumin Transfer Studies
Initial experiments were conducted to test the validity of the endothelial monolayer system used to measure albumin transfer. It was also found that the presence of various amounts of fatty acid did not influence the bromcresol green colorimetric assay used to measure albumin concentration. No loss in cell viability was observed, and the cell number was not reduced due to fatty acid exposure during culture. This was established with trypan blue exclusion studies and morphological assessment by phase contrast microscopy and scanning electron microscopy. Furthermore, there was no reduction in the incorporation of g.iO-^H-leucine into cellular protein when the cultures were exposed to oleic acid. For example, the incorporation of radioactivity into the total cell protein after a 2-hour incubation period was 8360 ± 360 dpm/mg protein (mean ± SE) in control cultures and 8930 ± 690 in cultures exposed for 24 hours to 300 ^M oleic acid (n = 6). Figure 1 shows the effect of increasing albumin concentration on net transfer across the endothelial cell monolayer during a 1-hour test period. The increase in albumin transfer was concentration-dependent. Compared with control cultures, the albumin transfer was always significantly greater across monolayers that were exposed during the previous 24 hours to 300 /JLM oleic acid. Figure 2 shows the effect of oleic acid concentration during the initial 24-hour period on albumin transfer. The amount of albumin transferred across the endothelial cell monolayer during a subsequent 1-hour incubation was dependent on the oleic acid concentration to which the cultures were exposed, up to 300 fiM where maximum transfer appears to have been reached. Table 1 shows that the fatty acid effect on albumin transfer was largely reversible. Cells were first incubated for 24 hours with M-199 that was enriched with 5% fetal bovine serum and 100 /iM albumin without Cells were incubated initially for 24 hours with M-199 enriched with 5% fetal bovine serum and 100 /iM albumin without (control) or with either 100 or 300 ^M oleic acid. Albumin net transfer was measured during a 1-hour incubation period with M-199 containing 200 /xM albumin (initial). Subsequently, all cells were reincubated for 8 hours with M-199 enriched with 10% fetal bovine serum, and albumin net transfer was measured again. Each value is the mean ± SE with n = 6.
'Not significantly different from initial value, p > 0.05. tSignificantly less than initial value after exposure to 100 M M oleic acid, p < 0.01.
Significantly less than initial value after exposure to 300 fiM oleic acid, p < 0.025.
(control) or with either 100 or 300 /AM oleic acid. Albumin transfer, measured over a 1-hour period, increased with increasing oleic acid concentration. To study reversibility, we washed all cell monolayers with M-199 and reincubated them for 8 hours with M-199 enriched with 10% fetal bovine serum. Albumin transfer was measured again as above after the second incubation. The fatty acid effect on albumin transfer was completely reversible when the monolayers were initially exposed to the lower fatty acid concentration (100 fiM oleic acid, 100 /*M albumin) and partially reversible when the initial exposure was to the higher fatty acid concentration (300 /xM oleic acid, 100 /u.M albumin). Figure 3 illustrates the effect of the time of exposure to an oleic acid-supplemented medium on albumin transfer across the endothelial cell monolayers. The cultures were incubated with or without 300 /iM oleic acid for periods of time ranging from 2 to 48 hours, and albumin transfer was tested during a subsequent 1-hour incubation. Albumin net transfer increased with increasing time of exposure to oleic acid, the maximum effect occurring during the first 24 hours. Oleic acid treatment for 2 or 6 hours, however, did not produce any significant increase in albumin net transfer across endothelial cell monolayers. Some increase in albumin transfer also occurred as a result of the 48-hour incubation even when the medium contained no supplemental fatty acid, but the increment was considerably smaller than when the incubation medium contained supplemental oleic acid. All of the increase that occurred between 24 and 48 hours of exposure to oleic acid could be accounted for by the increase observed in the cultures incubated with the control medium. Table 2 illustrates that an initial incubation of the cultures with a medium containing supplemental linoleic acid also produced an increase in albumin transfer across endothelial cell monolayers. A greater increase in albumin transfer occurred with 300 ^M linoleic acid than with 300 /AM oleic acid.
The acute addition of various amounts of fatty acid to the medium used to measure albumin transfer, which contained 200 tiM albumin, did not affect albumin transfer across the endothelial monolayer. For example, the amount of albumin transferred over a 1-hour period was 4.0 ± 0.5 nmol (mean ± SE) (no additional fatty acid), 4.0 ± 0.2 nmol (50 /uM oleic acid), 3.9 ± 0.2 nmol (100 iiM oieic acid) and 4.3 ± 0.3 nmol (200 LIM oleic acid).
Fatty Add Uptake and Utilization
Initial experiments indicated that 9,10-3H-oleic acid was incorporated into the triglycerides and phospholipids of the endothelial cells in a time-dependent manner. The uptake was essentially complete within 24 hours. Based on these findings, a 24-hour incubation period was chosen for most experiments. The effect of oleic acid concentration on its incorporation into the endothelial cell triglycer- Cells were incubated initially for 24 hours with M-199, which was enriched with 5% fetal bovine serum and 100 uM albumin without (control) or with either 300 piM oleic or linoleic acid. Subsequently, albumin net transfer was measured during a 1-hour incubation period with M-199 containing 200 fj.M albumin.
'Each value is the mean ± SE with n = 6. \p < 0.001 vs control.
Xp < 0.005 vs oleic acid.
ides and phospholipids after a 24-hour incubation is shown in Figure 4 . Each experimental medium contained 5% fetal bovine serum and 100 fiM fatty acidfree albumin, in addition to the supplemental oleic acid. Incorporation of radioactivity into triglycerides increased linearly as the oleic acid concentration was raised. No indication of saturation was evident even when the oleic acid concentration was 400 /xM. By contrast, more than one-half of the total radioactivity recovered in phospholipids occurred at the lowest oleic acid concentration tested, 50 /xM. Up to an oleic acid concentration of 100 /xM, incorporation of radioactivity into phospholipids was greater than into triglycerides. Above this concentration, however, considerably more radioactivity appeared in triglycerides.
To assess the utilization of the incorporated oleic acid, we labeled cultures with 9,10-3 H-oleic acid for 16 hours. At this time, about 65% of the incorporated radioactivity was present in triglycerides and about 20%, in phospholipids. After washing the cells with buffer containing albumin to remove any adherent free fatty acid radioactivity, we incubated the cultures in M-199 containing fetal bovine serum and albumin without supplemental fatty acid. As seen in Figure 5 , there was a rapid decline in triglycende radioactivity during this incubation. Decreases of 18%, 55%, and contrast, radioactivity in phospholipids increased during this incubation, the increases being 19%, 42%, and 53% at 2, 8 and 24 hours, respectively. Thus, a large percentage of the radioactivity originally contained in triglycerides was conserved in cell phospholipids during triglyceride breakdown. Radioactivity also was recovered as free fatty acid released into the medium. The amount of free fatty acid radioactivity present after 24 hours was 2.9 times greater than that present after 2 hours. Table 3 shows the changes in the chemically measured triglyceride content of the endothelial cells. After incubation for 24 hours with 100 yM oleic acid, there was a twofold increase in triglyceride content as compared with cultures incubated without supplemental fatty acid, and a seven-fold increase occurred as a result of incubation with a medium containing 300 p,M oleic acid. As with oleic acid, the incubating of cells with linoleic acid also resulted in an elevated triglyceride content. The increase was Before measurement of triglyceride content, cells were incubated for 24 hours with M-199 enriched with 5% fetal bovine serum, 100 iiM fatty acid-free albumin, and various concentrations of oleic acid.
Triglyceride Content
Values are means ± SE; n = 3.
fivefold after a 24-hour incubation when 300 piM of linoleic acid was compared to corresponding control cultures.
Fatty Acid Composition
The fatty acid composition of the triglyceride fraction after a 24 hour incubation with media containing 0, 100 or 300 JAM oleic acid is shown in Table 4 . These values do not add up to 100% because only the major fatty acids are listed. Compared with control cultures, the percentage of oleic acid increased by 180% following incubation with 100 ixM oleic acid and by 240% when the media contained 300 /xM oleic acid. The percentage of most other fatty acids, except oleic and arachidonic acid, decreased following incubation with supplemental oleic acid. Table 4 also shows that a considerable enrichment of the endothelial cell phospholipids with oleic acid occurred during a 24-hour incubation with the media containing supplemental oleic acid. In contrast to its effects upon the triglyceride fraction, however, the 100 AAM concentration produced nearly maximal changes in the fatty acid composition of the phospholipid fraction.
Discussion
A number of studies 1 -3 suggest that atherosclerosis may be initiated by damage to the endothelium and the resulting disturbance in endothelial integrity. The endothelium normally is the only cell in the arterial wall exposed to high concentrations of lipoproteins that are rich in triglycerides and cholesterol. 15 When the plasma triglyceride-rich lipoproteins, either chylomicrons derived from dietary fat or very low density lipoproteins of hepatic origin, are elevated, triglyceride hydrolysis by lipoprotein lipase occurs in proximity to the endothelial surface. 16 -18 This may expose the endothelium to an excessive local concentration of fatty acid anions and lead to an accumulation of fatty acid within the endothelial cells.
4 ' 19 It has been suggested 24 ' 19 that excessive amounts of fatty acid anions liberated during lipoprotein triglyceride hydrolysis may cause endothelial injury, allowing increased penetration of cholesteryl ester-rich remnant lipoproteins derived from chylomicrons or very low density lipoproteins into the arterial wall. According to this hypothesis, 19 the subsequent events leading to atherosclerotic lesion formation are initiated by the accumulation of these cholesterol-rich remnants in the arterial intima.
In the present study using cultured endothelial cell monolayers derived from porcine pulmonary arteries, we obtained some experimental evidence consistent with the general concept of this hypothesis. Our findings indicate that exposure to high concentrations of fatty acid, even when bound to plasma albumin, can affect endothelial lipid content and composition. These changes were accompanied by an increase in the transfer of albumin, a protein having a molecular weight of S/.OOO, 20 across the endothelial monolayer. When the monolayers were initially exposed to moderate concentrations of fatty acid, the effect was completely reversible within 8 hours after removal of the medium supplemented with fatty acid, but when the initial exposure was to high concentrations of fatty acid, the effect was only partially reversible after 8 hours. The experimental design was the same as that described in Table 1 . The values for the fatty acid composition do not add up to 100% because only major fatty acids of interest are listed. Each value represents the mean ± SE, n = 3. Oleic acid was added to the culture medium in amounts of either 100 iiM or 300 nM, as indicated.
The albumin transfer measurement was made after the medium containing the supplemental fatty acid had been removed, not while the fatty acid still was present. Fatty acid-free albumin was used for the transfer measurement. Although albumin may have taken up some of the free fatty acid released from the lipid-enriched cells during the time of the transfer measurement, additional studies revealed that neither the rate of albumin transfer nor the method used to assay albumin were affected by bound fatty acid. For these reasons, it seems unlikely that the increased transfer of albumin is due to an interaction between fatty acid and albumin during the time of the transfer measurement. Whether the transfer of remnant lipoproteins or low density lipoproteins (which have a much higher molecular weight) would also increase when the endothelial monolayer is exposed to elevated concentrations of free fatty acid has not yet been tested. Such evidence would be needed to fully support the hypothesis 19 that fatty acids induce increased transfer of macromolecules into the arterial wall. However, the positive results obtained with albumin, a moderately large protein, suggest that it would be worthwhile to extend these studies to lipoproteins.
In the present experiments the endothelial monolayer was directly exposed to albumin-bound fatty acids. This is a simpler approach than attempting to generate fatty acids from triglyceride-rich lipoproteins in a cell culture system. Furthermore, this design permits a more certain conclusion that free fatty acid is the substance mediating the endothelial changes. In attempting to relate these findings to the hydrolysis of triglyceride-rich lipoproteins, we do not know the free fatty acid concentration at the endothelial surface. The concentrations of plasma-free fatty acid producing the increased transfer are high, but still reasonable, relative to values that can occur in humans. Plasma-free fatty acid concentrations can range from 180 to 1,650 ^M, 21 the usual value in the basal state being about 300 to 500 /AM. 22 Assuming normal albumin concentration of 600 /xM, the molar ratio of free fatty acid to albumin in human plasma will vary between 0.3 and 2.8. High plasmafree fatty acid concentrations, and hence molar ratios, occur during severe stress, 2324 uncontrolled diabetes, 25 M starvation, 2127 and after prolonged exercise. 28 Metabolic studies 29 '
x indicate that the molar ratio is the main factor controlling free fatty acid availability to the tissues. Although most of our experiments were done with fatty acid solutions having a molar ratio of 3.0 (a value slightly above the highest values in humans), increased transfer of albumin across the endothelium occurred at molar ratios as low as 1. Moreover, the concentration-dependence data ( Figure 2) suggest that greater albumin transfer may occur as a result of exposure to fatty acid solutions that are in the upper part of the human range (molar ratios between 2.0 and 2.8) as compared with those of molar ratio 0.5 to 1.0.
A large intracellular triglyceride accumulation occurred when the porcine endothelial cells were incubated with high concentrations of free fatty acid. This was associated with the appearance of cytoplasmic inclusions. Similar findings were made previously 5 with cultured bovine aortic endothelial cells. The triglyceride probably serves as a storage form of fatty acid for the endothelial cells. As was noted by Tsai and Geyer 31 in murine L fibroblasts, some of the fatty acid present in triglycerides is transferred into cellular phospholipids when the triglycerides are catabolized ( Figure 5 ). Likewise, as reported 32 for macrophages that contain triglyceride accumulations, the endothelial cells released some fatty acid into the medium as free fatty acid during triglyceride catabolism. It appears unlikely, however, that the triglyceride accumulation itself is the direct cause of the increased endothelial albumin transfer. For example, linoleic acid caused a greater increase in albumin transfer even though it produced less total triglyceride accumulation than oleic acid (Table 3) . It also seems unlikely that any free fatty acid released from the cells as a result of triglyceride catabolism might be directly responsible for the increase in albumin transfer. The data in Figure 5 suggest that triglyceride catabolism occurs during the flux measurement. While some of the released fatty acid probably binds to the fatty acid-free albumin present in the medium, this should not affect the transfer because direct measurements indicated that the acute addition of up to 200 /J.M oleic acid does not alter the rate of albumin transfer.
While our current data do not permit a definite conclusion about the exact mechanism causing increased albumin transfer across endothelial monolayers, it is probably related to a change in cell membrane characteristics secondary to the altered lipid composition. Studies with fibroblasts, retinoblastoma cells, Ehrlich ascites cells, and L1210 cells indicate that the phospholipid modifications reflect the fatty acid compositional changes that occur in cell membranes.
1233 - 36 Such compositional changes are sufficient to alter membrane fluidity.
3837 A mechanism involving membrane fatty acid compositional changes might result in increased transcellular movement of albumin in vesicles or transcellular channels 3839 or it might alter cell-cell adhesion and increase transfer of macromolecules between cells. Our data demonstrate an association between alterations in cell lipid composition and the integrity of the endothelium as a barrier to macromolecules. Altered cell membrane characteristics are the most likely explanation for this association.
